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Kantine Vending LLC is a local vending machine company in Conyers, GA. In their current state 
they have 4 machines and are looking to expand in the future. They hold over 70 different 
products in stock. The idea of the project began when Kantine received customer complaints of 
purchasing expired products from one of the machines. Our team then sought to improve the 
company’s inventory system to minimize expired product, reduce waste, improve product flow, 
and lower stocking times. To achieve these goals, we looked to use methods and ideologies such 
as lean warehousing, 5s, First in First out (FIFO), inventory target points, EOQ, and inventory 
management software.  
To start we divided the work into three main categories: Inventory management software, 
warehouse organization, and inventory optimization. The first step was the inventory 
managements system and barcode scanner. We then developed a simple inventory database using 
Microsoft Access and a barcode scanner. This allows Kantine to scan products in and out and 
gives an exact overview of current total inventory. For the warehouse we expanded storage 
capacity and organized the warehouse with products arranged in the order in which they are 
stocked in the machines. We also utilized 5s principles by ensuring every item had a labeled 
location on the shelf as well as integrated barcodes on the shelves themselves to ease the use of 
the inventory software. The chips were given a simple Fifo loading system with new product 
being placed in the back pushing older products forward to be stocked. We then built upon this 
by calculating our inventory target levels.  
Our team gathered over a months’ worth of data for the demand of each product by 
utilizing the sales report from the all the machines. By using the demand of each product, we 
could calculate our inventory minimums and maximums as well as our reorder point. We also 
utilized the Economic Order Quantity (EOQ) formula to determine how much of each product to 
purchase when inventory levels reached our reorder point. With these calculations we can ensure 
products are in stock to meet our demand as well as reduce waste. With the improvements to the 
warehouse and the introduction of an inventory database the process of stocking the machines 
and monitoring inventory levels was simplified.  
The results of our efforts can be seen in the improvement to the time spent reordering 
products and restocking inventory. The combination of the introduction of an inventory database, 
and the inventory calculations combined with a decrease in purchase order frequency has 
resulted in a 35% monthly reduction in time required to place purchase orders from the supplier. 
Similarly, the reorganization of the warehouse through 5S and FIFO has resulted in a 20% 
decrease in time required to stock inventory.  
Through the use of inventory target points and EOQ we can hope to see a reduction in product 
waste and perhaps even a decrease in cost in the long term. We can also expect to see a reduction 
in product outage. Overall, Kantine Vending LLC’s inventory management system is now more 
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Chapter 1: Project Introduction            
6.1 Introduction 
Kantine Vending LLC is a local vending machine company established in March of 2020. In 
June 2021, the company signed their first contract for a vending machine location in Conyers, 
GA. The location requested four vending machines: one snack machine, one cold food 
(sandwich) machine, and two drink machines. As a new start-up company, Kantine Vending has 
contacted our team in hopes of addressing potential process improvements to their current 
inventory management system.  
1.2 Overview 
As of today, with the vending machines in use (4) there is a current capacity of 47 snack 
products, 36 drink products and 12 refrigerated food items. By the end of the project date, we 
would like to have the capacity for an additional 2-5 machines to add along. Currently with the 
operational machines the system is making approximately 850 transactions per month. There 
also exists an intermediate storage room where products are stored and organized prior to being 
stocked into the machines, which acts as a sort of warehouse for the vending machines. We are 
looking to ease the stocking and reordering process. 
1.4 Justification 
Inventory management from a business perspective is a critical aspect of operations that impacts 
profitability of a company. Insufficient inventory management can result in lost time, out-of 
stock product items, and unacceptable inventory mix-ups such as a sale of expired goods. Per a 
Winsight Grocery Business article, Inventory Management: Out of Time for Out of Stocks, “Out-
of-stocks are more than just a nuisance to retailers’ inventory management operations. They are 
perhaps the single most important factor when it comes to the customer’s shopping experience 
that ultimately impacts their bottom lines”.  
1.3 Objective 
We will initiate process improvements through three main areas of the inventory management 
system: 
• Creating an Inventory management database 
• Improve 5S and implement FIFO 





Figure 1: System Block Diagram 
Ideally, we have an initial idea of what we want to have as a floor requirement for our project 
which includes: zero customer complaints concerning old/ expired products, reduction in 
exhausted product frequency and a decrease in number of purchase orders. 
1.6 Problem Statement 
In the month of July 2021, Kantine Vending LLC received a notification that a customer 
received an expired bag of Doritos from one of the vending machines. This is a critical error in 
the operation of the company. As a newly established company, Kantine Vending LLC has 
realized the necessity for improvements in their inventory management system to ensure expired 
products will never land in the hands of a customer again and create a more efficient system for 




Chapter 2: Literature Review 
2.1 Literature Review 
In this section we discuss previous literature or articles that provide supporting information and 
insight into similar problems and how they were approached by others. 
2.1 Kroger Uses Simulation-Optimization to Improve Pharmacy Inventory Management 
This document is how Kroger Co. Implemented an optimization system for the pharmacy. 
Kroger Co. Is the largest grocery retailer in the world. They have 2,422 supermarkets and 1,950 
pharmacies in-store.  
With having to operate at such a large amount, efficiency is a viable factor for the company. 
They worked in collaboration with faculty from Wright State University and implemented a 
simulation-optimization system for the pharmacy inventory management.  
Traditional pharmacy applications fall short of providing accurate pharmacy demand 
distributions. This new optimization system uses empirical distributions to forecast demand, 
helps provide users with a visual intuitive experience, and delivers very optimal results in 
milliseconds. 
This system was added to the Kroger Co. system in October 2011 in all pharmacies in the US. It 
has reduced all the out of stock by 1.6 million per year. This ensures that patients will get the 
medication needed and will increase revenue due to more patients getting access to that 
medication. It has increased revenue by $80 million per year, a reduction of unnecessary 
inventory of more than $120 million, and a reduction in labor costs of around $10 million per 
year. [1] 
2.2 Inventory Management: Out of Time for Out-of-Stocks 
This document describes the criticality of companies in the sale of consumer goods to maintain 
inventory levels, and the results caused from going out-of-stock. Data from the Solving the Out-
Of-Stock Problem report revealed a “three strikes and you’re out” pattern among consumers: 
Strike 1: On the first occurrence of an out of stock, the shopper will substitute the desired item 
70% of the time. 
Strike 2: On the second occurrence, the shopper may substitute the item, not make a purchase or 
go to another store. 
Strike 3: The third occurrence results in the shopper going to another store 70% of the time, 
meaning even greater loss of future revenue. 
While vending machines may be slightly different from a grocery store like Walmart because its 
not as simple as using another vending machine, if the customers feel there is a repetitive nature 
of out-of-stock, several results could follow. This could range from complaints to the business 
owners forcing them to choose other companies, the customers traveling outside of the site to 
purchase their goods from another location such as a gas station, etc.  
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A large portion of this source pushes the usefulness of adopting an inventory optimization 
software and the benefits that follow. Per the source, “Human intervention is not that trustworthy 
here,” says Tenser. “When you study the problem, you learn that 95% of those decisions, of 
those 35,000 items, come down to a binary choice.” As such, retailers must adopt a more 
systemic process to streamline the order process and increase efficiency. The implementation of 
the inventory database along with the precalculated inventory order levels and quantities will 
remove a majority of the human interface as described in this article. [2] 
2.3 Methods and Apparatus for Minimizing Waste in Vending Machines  
 
This document is a US patent on a vending machine 
controller software that allows for the machine to 
determine when a product is approaching its shelf life. It 
then gives the customer a discount on the product if he/she 
wishes to still purchase the product. It’s an interesting 
application of technology to solve an issue all vending 
machines face. Due to their unattended nature if product 
turnover is not high enough products will eventually 
expire and the customer will unknowingly purchase an 
expired good. This exact issue is what Kantine faces.  
    Due to the nature of the item 
and the limitations and scale of Kantine as a company. 
The implementation of such a device would be unrealistic. 
However, it does give insight into a possible solution 
through the application of technology. [3] 
Figure 2: Flowchart of the vending process 
2.4 An Overview of Warehouse Optimization 
This paper presents the various aspects of warehouse 
organization and optimization. It divides the problems into 
different groups including the basic warehouse structure, 
the operational frameworks of a warehouse, and the controlling systems of warehouse 
operations.  
Figure 3: Proposed Warehouse Layouts 
The article discusses various layouts and routing 
methods that can be used in a warehouse to reduce 
travel time. With some suggested layouts like the 
”Flying-V” reducing travel time by as much as 
20%.  The article also discusses the operations of a 
warehouse and breaks each one down into 
percentages of operating cost. 
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 It also shows how proper warehouse optimization can help reduce operating costs. This 
information is directly applicable to Kantine Vending as reorganization of the product storeroom 
is a key element of our project.[4] 
2.5 New Strategy for Warehouse Optimization – Lean warehousing 
In the current age of rapid delivery and online shopping, warehouse operations and efficiency is 
a critical aspect of supply chain management. Through the application of Lean tools and 
techniques such as Value Stream mapping, we can optimize the flow of materials through a 
warehouse while minimizing cost. Lean management in warehouses work on the 5s system. The 
5s system cleans, organizes, and standardizes warehouses to optimize the flow of materials and 
reduce warehouse inefficiencies. The paper also makes use of Simulated Annealing to generate 
the optimal and shortest route of item collection within the warehouse.  
The optimization and reorganization of the Kantine warehouse is a central element of this 
project. This article lays out an optimization function and how to approach said problem with the 
application on warehouse efficiency. The results of the study show a 30% reduction in overall 
travel distance showing the benefits of lean warehousing methods.[5] 
2.6 Minimum level of stock – explanation, formula, example | Accounting for Management 
This article describes several of the inventory level amounts, and order quantities including both 
definitions and formulas for calculation. This includes danger level of stock, which is the 
inventory level at which should initiate a warning to management that issues should be elevated 
and possibly alternative methods of obtaining inventory should be used before an item goes out-
of-stock. It also describes Economic order quantity (EOQ) is the order size that minimizes the 
sum of ordering and holding costs related to raw materials or merchandise inventories. A 
formula for this calculation is also provided within the article. The next topic covered is 
Maximum level of stock, which is the target inventory level to be reached once the stock reaches 
the reorder quantity and a new order is placed. Reorder level or reorder point is also touched in 
this article, which is defined as is a preset level of stock or inventory at which the business places 
a new order with its suppliers to obtain the delivery of raw materials or finished goods inventory.  
Beyond simply the definitions and a brief explanation of each topic discussed, the article 
provides the formulas as well as several examples for how to complete the calculations in 
different scenarios. Several of the formulas provided in this article were utilized during the 




2.7 Baseline Comparison 
In the previous sections we looked at outside sources and their solutions and ideas to formulate 
an approach for Project Kantine. The key take-away elements that we ran into multiple times are 
the application of lean manufacturing techniques, optimization, and the implementation of 
technology or digital warehousing. Kroger pharmacy utilizes demand forecasting software with 
empirical distributions to model demand.[1] Walmart implements real-time in-store inventory 
management software to manage perpetual inventory data and ensure products remain in stock.[2] 
The usage of lean manufacturing techniques like 5s can drastically reduce waisted effort and 
further optimize the effectiveness of Kantine’s storeroom.[3] 
We can use these elements in our problem-solving approach and will look to implement a 
inventory management software of our own, apply 5s methodology and FIFO techniques to our 
storeroom, and finally utilize optimization techniques like EOQ to further enhance our inventory 
reordering process.   
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Chapter 3: Problem Solving Approach 
 
3.1 Problem Solving Approach  
We plan on accumulating data that can be used to calculate demand forecasting, safety stock 
inventory, reorder point formula and SKU (stock-keeping unit) management. By using these 
tools, we will be able to test levels of efficiency and have accurate data analysis. We also plan to 
utilize Microsoft Access to create an inventory database to better see and manage the flow of 
products through the warehouse. We want to be able to track and scan new products directly into 
the database and be able to track their expiration dates to ensure fresh products are stocked in the 
machines. We wish to implement a proper FIFO inventory management method into this 
warehouse and apply 5s methodology to ensure the method is maintained properly. We are 
looking at introducing a FIFO “pallet” racking system and a reorganization of the storage room 
to ensure new products are loaded onto one side of the shelving and are funneled down towards 
the front as stock is depleted. This combined with proper organization and the inventory database 
can help eliminate and reduce human error and ensure products remain fresh when the customer 
receives them. We wish to optimize our inventory reordering process by using EOQ and 
calculating reorder points and safety stock level. 
3.2 Requirements 
i) Project Kantine shall incorporate FIFO movement of materials. 
ii) Project Kantine shall enable inventory monitoring and control. 
iii) Project Kantine shall allow for use of product barcodes. 
iv) Project Kantine shall create suitable storage locations with sufficient space 
for further expansion. 
v) Project Kantine shall allow for introduction of new inventory items. 
vi) Project Kantine shall support expiration date monitoring. 
vii) Project Kantine shall decrease stock time by increasing product flow 
efficiency. 
viii) Project Kantine shall reduce the frequency of exhausted products. 
ix) Project Kantine shall designate specific storage locations for each product. 
x) Project Kantine shall label each product location. 
xi) Project Kantine shall determine inventory minimum and maximum 
quantity for each product. 
xii) Project Kantine shall utilize sales reports to support inventory 
management. 
xiii) Project Kantine shall decrease purchase order frequency. 
xiv) Project Kantine shall develop cycle counting process. 
xv) Project Kantine shall define primary inventory purchase locations with 




3.3 Gantt Chart 
Below is an attachment of our schedule baseline and what we expect our timeline to look like. 





























Figure 6: Organizational Chart 
 
Table 1: Responsibilities 
Name Title Responsibilities 
   Jordan Moon Project Manager 
•  Schedule Maintenance 
• Data Collection 
• Budget and Materials 
• Inventory Calculations 




• Optimization model 
• Literature Review 








• Literature Review 
• Baseline Study 




• Optimization model 
• Past Project Comparison 























3.6 Material Requirements 
Figure 7: Access and Barcode Scanner 
3.6.1 Inventory Database 
Microsoft access will be the 
program used to create the 
inventory database. Several 
other prebuilt inventory 
debases have been 
considered however since 
access is the most cost 
effective, this option was the 
selected option. A scanner 
gun was also purchased to increase the efficiency of the inventory 
database. Instead of manually entering the snack item being added 










3.6.2 Warehouse 5S/ FIFO 
 For the warehouse 5S / implementation of a FIFO 
method, there were several items required. Of these 
items, the only ones listed as required materials are 
the ones that were purchased for the purpose of this 
project. Common items already available are not 
being listed such as tape, batteries, etc. First, a P-
touch label printer along with additional labels wwas 
reuired to label the existing and additional shelving 
with designated locations. At the time of project 
beginning, there were already four shelving units 
already in use, due to additional space rewuired, a 
fifth shelf was purchased and erected for warehouse 
storage. Finally, due to budget constraints, instead of 
purchasing individual bins for the chips, more 
affordable boxes were purchased and repurposed into 













Figure 8: Warehouse Materials  
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Chapter 4: Inventory Management Database 
4.1 Requirements 
A central part of our plan is to build a database using Microsoft Access and create an inventory 
management software. The Idea is to be able to see our inventory that we hold be able to scan in 
new items to track their expiration dates. We also want to be able to scan out items and be able to 
pull data from this to see the flow of goods.  
The bare minimum requirements for this software would to be able to scan in and out items and 
to be able to recall the stored information simply by scanning an item. Additional quality of life 
features that would be appreciated is the ability to integrate an already existing database to 
reduce the amount of information required to input into the software. The ability to have alerts 
that highlight items that are close to expiration would also be a feature that we will attempt to 
integrate.  
4.2 Development       
    
We began with using a blank template from the Microsoft Access 
Learning Zone. Using this template, we began to create our 
inventory database. The database consists of three parts. The main 
menu, the product table, and the new product form. From the menu 
you can use a bar code scanner to recall information stored in the 
database. You can enter new products by using the new product form 
and a barcode scanner. In this version of our database the user must 
manually input the product information. 
 
Originally, the information that was 
stored in the database in its first form 
was the barcode, the name of the item, a 
brief description, price, quantity on 
hand, and the expiration date. In order to 
simplify the information, we limited it to 
the barcode, name, price, and quantity 
on hand. This allowed us to group all the 
items together rather than have an entry 
for each batch due to the expiration date. 
With this we were able to enter the entire 
initial inventory. A total of 56 items. 
 
Top Right- Figure 9: Product Lookup  
Bottom Right- Figure 10: Initial Inventory  
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4.3 Warehouse Integration  
To better integrate the usage of our inventory management software with the stocking procedure 
we applied the product’s barcodes under the label on the shelf. This allows the user to quickly 
scan the items without scanning the item itself. It also maintains consistency in barcodes 
considering that even the same products can have different barcodes depending on where you 
sourced them (a case of soda vs a 12 pack).  
 
4.4 UCP API Challenge and Finalization 
One of the major features we wanted from the database was the ability for the software to access 
the UPCitemdb API and pull product information from the internet. UPCitemdb is an online 
UPC database that is free to use. This would 
greatly expediate the process of entering new 
products as it will be able to identify a product 
automatically and fill in the information on the 
product form.  
Right-Figure 11: Example of Information given by 
UPCitemdb 
This proved to be very difficult to achieve. The 
website gives the product information in the form 
of a JSON. This is a JavaScript data interchange 
format, and one would have to parse this 
information out to VBA (Visual Basic for 
Applications) which is the language used by 
Microsoft applications, such as Access. This is a 
relatively advanced process and still requires 
further knowledge of VBA in order to integrate it 
into our database.  To assist us in this process we reached out to Dr. Coskun Cetinkaya of the 
department of Computer Science. We however began to run into time constraints for this element 
of the project and ultimately had to be satisfied with the current state of the software. We were 
able to contact Professor Jing He but were not able to coordinate a meeting date in time. We 
ultimately decided to accept the state of our program even if it is a bit basic. The software can be 
used as a proof of concept and can be substituted by a more robust and fuller featured program in 





Chapter 5: Warehouse  
5.1 FIFO 
To help utilize and improve product utilization, we decided to incorporate the FIFO (First In, 
First Out) method to help with our warehouse management. FIFO is known as “an asset-
management and valuation method in which assets produced or acquired first are sold, used, or 
disposed of first” (Kenton). With our market always fluctuating in price, FIFO is a great method 
to keep track of the cost of inventory. When going to wholesalers to purchase products in bulk, 
this will help with the cost flow assumptions. With inventory always being replenished, we now 
have a tool to help keep track of the cost of goods sold. For example, if we purchase a case of 40 
chips for $10 and the next time, we go to purchase the same case of chips we realize the price 
has increased by $2 and now costs $12. We will be able to implement the FIFO method to keep 
track of the first 40 bags of chips cost 0.25 cents per bag, but after those 40 bags are sold, the 
new price will increase to 0.30 cents.  
The FIFO method also helps us with minimizing waste of products by selling whatever we 
purchase first. Having less waste increases sales, profit, and less customer complaints. Also, as 
the market value is always fluctuating, using FIFO is always going to have the most accurate 
market value for products to help assess pricing and purchase quantity. If knowing that some 
products would not sell if prices were higher due to the circumstances, using FIFO will help 
evaluate purchasing quantity to help minimize waste. Using FIFO will help cut waste, costs, and 
increase profits. That is why we will be implementing it in our warehouse.  
5.2 5S/Lean Warehousing 
5S are 5 steps in this methodology that helps improve the system and remove unnecessary tasks. 
They are Sort, set in order, Shine, Standardize, and Sustain. This standard comes from the 
Japanese words seiri, seiton, seiso, seiketsu and shitsuke. “The 5S methodology permits to 
analyze the processes running on the workplace. The 5S is the methodology of creation and 
maintaining well organized, clean, high effective and high-quality workplace” (Michalska and 
Szewieczek). Lean warehousing is always being optimized to improve the process or distribution 
of the warehouse. Improvement of layout arrangements, transportation, and material handling are 
areas where we can see drastic improvement.  
Our warehouse layout needs improvement by adding bin racks for our chips and other small 
snacks and candies. This helps with our FIFO method to keep everything organized and assists 
with easier tracking since it’s not cluttered with a bunch of other products. Also, adding shelves 
for drinks and instant food to help keep it less cluttered and allow more inventory to sit on the 
shelves. Organizing bins on the shelves to duplicate the arrangement of the actual vending 
machine helps with visual representation and assessing what products are needed for restock. 
This also helps when transporting to the vending machine for restock, because you can organize 
inventory being taken the same way as how the vending machine is setup. This will improve 
stocking time, transportation, and our warehouse restock drastically. Due to limited warehouse 
space, these bin racks and shelves will help us to stack and still stay organized since we need to 
work around the limitations of the warehouse.  
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With our scanner tool that we will be implementing, we will be able to optimize our 
transportation and material handling. As stated, with limited warehouse space, this scanner tool 
will help us keep track of all our inventory in stock and the turnover rate for each product. This 
will help us determine the amount of product needed to be purchased from the wholesaler and 
put into inventory. This also helps us when stocking the vending machines because we now can 
bring exact quantities of products that need to be stocked instead of rough estimates. This helps 




Figure 12: Inventory Shelving Organization Current State 
 
Pop Tart Crackers 1 Crackers 2
Pop Tart Crackers 3 Crackers 4
M&M Skittles
Peanut M&M Snickers

















































                      Figure 13 Pre-organized warehouse 
The warehouse before we adjusted anything was very cluttered and difficult to visually analyze 
any stock to get a rough percentage of what is left in inventory. This made the process very 
inefficient and took a lot more time. This was due to the fact that we had to dig and search every 





Figure 14 Pre-organized chips section 
The chips section of the warehouse before any adjustments was very difficult to also visually 
analyze any stock. Since we purchase a bundle of variety packs of chips, we always get a 
different quantity of chips in every case. With just cutting an opening and putting the box on the 
shelves it does not tell us exactly how much quantity of chips we got in that shipment. This 
impacts our organization, sales, transportation, and warehouse space. 
 
Prior to organizing the warehouse, we calculated the times it took to stock inventory over the 
course of 5 weeks. The warehouse gets stocked once a week, so we wanted to analyze those 
times prior to applying any changes to improve the warehouse. The chart below shows the data 
collected through those 5 weeks.  











       Figure 15 Post organized warehouse: 
After organizing the warehouse, we removed all the clutter and now it is easily accessible. You 
can now visually analyze all inventory and get a rough percentage of inventory just by looking at 
everything. All products are organized in the same order as the vending machines themselves 
from left to right. We also added barcodes of all the products (shown in the image below) on the 
front of the shelves. This will allow for quick and easy scans and import quantities directly into 
our inventory management database. After stocking all products after purchasing from our 
wholesaler, this will drastically improve inventory management time.  
 
Figure 16 Barcode Shelving 
Before we created our own inventory database and installed these barcodes for every product, we 
used to manually go through and must count and keep track of inventory. As you can already 
imagine, this would be very time consuming, and mistakes would be made quite often due to 
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human error. We collected data over the course of 5 weeks since inventory was only collected 
once a week to see how long it took to complete inventory collection.  
Pre-Improvement Order Time  
Weeks Minutes: Seconds 
Order 1 47:21 
Order 2 36:03 
Order 3 44:57 
Order 4 40:18 
Order 5 39:44 
 
After we implemented the changes to the warehouse, added the inventory database, and installed the 
barcodes for every product we collected data across the span of 5 more weeks to see how these 
changes have impacted the inventory collection process.  
Post-Improvement Order Time 
Weeks Minutes: Seconds 
Order 1 29:36 
Order 2 26:06 
Order 3 24:23 
Order 4 28:50 
Order 5 26:37 
 
We saw a huge improvement in time savings with the adjustments we made to our warehouse. Adding 
the inventory database and having the barcodes to easily access product scanning has improved our 
process tremendously. Below you can see how the changes we made have improved our process.  
 





        Figure 18 Organized chips section 
Having all the chips organized in their own sections allows for better visualization of inventory 
stock and improves the process of scanning the products into our inventory management 
database. This also allows us to find any broken or opened packages to remove before adding 
new inventory into our database.   
 
After reviving the warehouse and applying the methods we wanted to implement to have a lean 
warehouse, we collected the data of how long it took to stock inventory over another 5 weeks. 
That data is shown below in the chart.  







As you can see in the graph below, applying 5s and lean warehousing methods to the warehouse 
helped reduce the amount of time spent on inventory stocking. This allows for more time to work 





Figure 19 Time to Stock Graph 
The blue line is the data collected prior to the adjustments made and the orange line is the data 
collected after the adjustments had been made. As you can see from the chart above, the changes we 
made did positively impact on the warehouse. It has helped with managing our time better and getting 
more done with the extra time we have saved from stocking inventory.  
5.3 Future Expansion  
In order to allow for future expansion, we seek to fully utilize the given space for our product 
storage area. The area is located within a garage that measures 23 x 17-feet. Furthermore, the 
area we can utilize needs to allow for a single car space and ample area for regular storage for 
the residents of the house in which its located at. Considering the standard parking space ranges 
from 7 to 9 feet wide we opted to allow for a 9 x 20-foot parking area. The back of the garage is 
allocated to a 17 x 5-foot area for household items. 
 In its initial state the warehouse contained 4 shelves and several products, like drinks, were 
stored on the ground or stacked to the side of shelves. Upon our installation of a 5th shelf, we 
considered our limited space and looked to see how many shelves we could comfortably fit into 
our limited space. 
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We also must consider the garage 
door and its sensor, so we give it 1 
foot of space. Our final area is 
approximately 8x17 feet.  
Our biggest constraint is the area 
being only 8 feet wide. Regardless 
of orientation we can never have 
more than 2 rows of shelves and 
still have enough space to 
maneuver or walk the isles. 
Ideally, we would like 4 feet 
between rows of shelves to have 
room to load large boxes or cases 
of goods.  
 
 
Above: Figure 20- Storage area size and current shelves  
Below: Figure 21-Alternative layouts with the optimal layout presented on the right 
The ideal solution would be to 
simply duplicate the current shelve 
column to the other side of the 
area for a maximum of 10 shelves 
with a 4-foot isle in between. Even 
if we shorten the isle width to 3 
feet, other orientations and layouts 
only allow for a maximum of 8 
shelves. If we were able to utilize 
the entire 18 feet, we could fit an 
additional 2 more shelves for 2 
columns of 6 for a total of 12 
shelves. We could of course 
reduce the given living space by 
one foot to achieve this but it 
would not be ideal. Figure 16 
presents the optimal solution to the 






Chapter 6: Optimization 
6.1 Data Collection 
There are several pieces of data that we will require to complete the inventory calculations. The 
monthly demand for each item will be extracted from seedlive, the database for the card readers 
on each of the vending machines. Seedlive is software that provides sales data for each of the 
machines including all forms of payments including card, tap to pay, and all cash sales as well. 
The monthly demand was calculated using the average sales amount for each item over the 
months of July and August of 2021.  
In addition to the monthly average demand, the minimum and maximum demand was also 
required. This was also collected through the Seedlive database utilizing sales reports for the 
months of July and August of 2021. The data for daily sales of each item was retrieved and the 
smallest and largest monthly sales quantities were recorded for demand minimum and maximum 
respectively.  
 The demand for all the soda beverages was calculated slightly differently since the soda 
machine was added to the vending location in mid-September. For the bottled soda, these were 
originally available in the initial drink machine. However, due to the high demand and low 
availability of space, they often ran out early in the day. This finding is supported by data sales 
data provided from Seedlive. To calculate the bottled soda demand, the months of September and 
October were also included in the calculations. The canned soda beverages were only made 
available after the introduction of the new drink machine, therefore the only data available at this 
time is the months of September and October. The soda monthly minimum and maximum 
demand was calculated using the same method as the other items.  
Since expiration date monitoring is a large component of the requirements, the average 
expiration date length was recorded for each vending item. This was determined by calculating 
the number of days between the date an item was purchased, and the date that the item expires. 
Three trials were recorded for each item over a period of one month, and the average of the three 
trials were taken to determine the expiration date length that will be used for calculations. As 
there are a large quantity of vending items, and the demand for most applicable items is high, it 
was determined that any expiration date length that totaled six months or greater would be left 
out of the scope of this project. This was denoted by a “N/A” recorded for the expiration length 
trial data. There were further difficulties that arose while recording the expiration length data, 
those complications are further described in Appendix C.  
For the scope of this project, the demand values were taken as available; however, Kantine 
Vending LLC understands the data points for the demand could be misleading, should be 
monitored, and updated and recalculated as new data is available. This is for several reasons, one 
being that the vending machines were placed during the startup of the warehouse. During the 
initial months, the warehouse was not on a 24 hour a day, 7 days per week schedule. Since they 
worked fewer hours throughout that time period and were not fully staffed it is assumed that all 
of the demand data would increase in quantity once the warehouse is fully staffed and working 
around the clock shifts.  
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294 165 329 N/A N/A N/A N/A 
Sprite, Bottle 280 157 347 N/A N/A N/A N/A 
Diet Coke, 
Bottle 
27 22 31 N/A N/A N/A N/A 
Ginger Ale, 
Can 
176 104 199 N/A N/A N/A N/A 
Fanta, Can 139 
81 178 N/A N/A N/A N/A 
Dr. Pepper, 
Can 
239 174 301 N/A N/A N/A N/A 
Mtn.Dew, Can 181 
123 235 N/A N/A N/A N/A 
Sprite, Can 160 
109 182 N/A N/A N/A N/A 
Pepsi, Can 92 
47 109 N/A N/A N/A N/A 
Coca Cola, 
Can 













Figure 22: Soda Drink Demand 
As shown in Table 1, all the drink items had an expiration length that was deemed out of scope 
for this project, which explains why all the expiration data points are listed as “N.A”. Table 1 
also shows the dramatic difference in the demand for certain items. While item selection is also 
















Soda Drink Machine Demand
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at added items to replace some of the current lower-selling beverages. Figure 20 displays a 
summary of the demand spread of all soda machine item options. In Figure 20, the bottom of 
each bar displays the minimum demand, the point at which each bar splits between colors 
displays the average demand, and the top of each bar represents the maximum demand.  




















111 153 N/A N/A N/A N/A 
Fiji Water 87 
69 112 N/A N/A N/A N/A 
Vitamin Water 114 
59 137 N/A N/A N/A N/A 
Body Armor 70 
49 90 N/A N/A N/A N/A 
Orange Juice 75 
62 87 N/A N/A N/A N/A 
Apple Juice 76 
43 91 N/A N/A N/A N/A 
Half and Half 
tea 
77 51 85 N/A N/A N/A N/A 
Sweet Tea 58 
37 64 N/A N/A N/A N/A 
Gatorade 434 
269 516 N/A N/A N/A N/A 
Bang Energy 
Drink 
33 23 41 N/A N/A N/A N/A 
Monster 74 
41 90 N/A N/A N/A N/A 
Red Bull 31 



























As expected, like Table 1, Table 2 also shows that the expiration length for all the beverage 
items in Drink Machine 2 were deemed out of scope for this project, resulting in a “N/A” for the 
data points. This table also shows a considerable difference in the demand for certain items over 
others. Gatorade has a substantially higher demand than any other beverage item offered. Figure 
21 displays a summary of the demand spread of all drink machine 2 item options. In Figure 21, 
the bottom of each bar displays the minimum demand, the point at which each bar splits between 
colors displays the average demand, and the top of each bar represents the maximum demand. 



























75 41 95 92 85 78 85 
Fritos, 
Original 
28 18 34 92 85 78 85 
Cheetos, 
Crunchy 
37 28 46 92 85 78 85 
Hot 
Cheetos 

















50 37 64 77 70 63 70 
Sun Chips 78 


























14 8 16 N/A N/A N/A N/A 
Crackers, 
Nekot 
39 23 44 N/A N/A N/A N/A 
Crackers, 
Toasty 
61 39 74 N/A N/A N/A N/A 
Trail Mix, 
Karls 
36 23 43 N/A N/A N/A N/A 
Nature 
Valley Bar 
50 41 56 N/A N/A N/A N/A 
Nutter 
Butter 
41 30 50 N/A N/A N/A N/A 
Fig 
Newtons 




30 15 36 N/A N/A N/A N/A 
Extra Gum 18 
12 22 N/A N/A N/A N/A 
M&M, 
Peanut 
32 24 38 N/A N/A N/A N/A 
M&M 16 
10 21 N/A N/A N/A N/A 
Skittles 40 
28 50 N/A N/A N/A N/A 
Snickers 38 
30 42 N/A N/A N/A N/A 
Butter 
Finger 
20 15 26 N/A N/A N/A N/A 
Twix 12 
6 14 N/A N/A N/A N/A 
Reese's 30 
15 35 N/A N/A N/A N/A 
Sour Patch 
Kids 





28 21 32 33 26 51 37 
Oreos 23 




27 19 32 N/A N/A N/A N/A 
Pop Tarts, 
Strawberry 
42 26 53 N/A N/A N/A N/A 
Honey 
Buns 
111 74 143 74 67 70 70 
Famous 
Amos 


















Figure 24 Snack Machine Demand 
Table 3 displays the data collected for the snack machines including all non-refrigerated snack 
items. Several difficulties emerged during the data collection process for these items and can be 
found in more detail is Appendix C. Table 3 introduces the first usable data points for expiration 
length, however there is a conflict that could bring the validity of this data into question. For the 
purpose of this project, the data provided at this time will be the data utilized for the calculations. 
As a company that wishes to be as proactive as possible, Kantine Vending LLC will continue to 
monitor the expiration length data following the completion of this project and can adjust the 
calculations as they deem necessary. While Table 3 does provide several lines of usable 
expiration length data, it still shows several non-refrigerated snack items whose data is deemed 





























































































































































































minimum, and maximum monthly demand which will be used in the inventory calculations in 
the following section. Figure 22 displays a summary of the demand spread of all snack machine 
item options. In Figure 22, the bottom of each bar displays the minimum demand, the point at 
which each bar splits between colors displays the average demand, and the top of each bar 
represents the maximum demand. 
 





















50 33 62 N/A N/A N/A N/A 
Cup Noodle, 
Shrimp 
35 23 43 N/A N/A N/A N/A 
Cup Noodle, 
Beef 
12 7 15 N/A N/A N/A N/A 
Sandwiches 71 
45 84 17 14 19 17 
Breakfast 
Bowl 
17 13 21 12 16 15 14 
Breakfast 
Croissant 
10 7 11 4 4 4 4* 
Tuna Crackers 21 
12 25 N/A N/A N/A N/A 
White Castle 
Burgers 



































Table 4 Displays the collected data for all refrigerated snack products. The item “Sandwiches” is 
cumulative of all sandwiches that are made available (ham, turkey, chicken salad, and egg salad) 
due to the nature of the supply of these items. The supply of each sandwich is not consistent, and 
therefore the distinct location of where the sandwich in the machine is not consistent. This means 
that the exact demand for each sandwich cannot be calculated. The expiration length of both the 
Breakfast Croissant and White Caste Burger are labeled with *. These two items differ from the 
other refrigerated items where they are purchased frozen and as frozen the expiration length is 
greater than 6 months and therefore would be deemed out of scope for this project. However, 
once placed into the machine they begin to thaw and the expiration length for these two items 
corresponds with the refrigerated lifespan of both items. That differs from all the other items 
because this length does not begin on the purchase date, but instead the time length begins on the 
date the items are placed into the machine. Figure 23 displays a summary of the demand spread 
of all cold food machine item options. In Figure 23, the bottom of each bar displays the 
minimum demand, the point at which each bar splits between colors displays the average 
demand, and the top of each bar represents the maximum demand. 
 
6.2 Inventory Calculations 
 
Accountingformanagement.org was utilized to identify several of the inventory management 
calculations that are provided below. Also, with help from current professors at Kennesaw State 
University we were able to formulate an Optimization problem with respect to inventory 
management. The model used is known as the Economic Order Quantity (EOQ) and was used to 
help minimize all inventory costs. These costs include holding costs, shortage costs and order 
costs. This form of optimization is used extensively when inventory management is in question. 
Since the data in the tables listed above are in relation to storage this chosen system was very 
reliable. Below is an example input with the costs and data associated with a coca cola bottle. 




With an EOQ formulation we were able to find out about two different value points that were 
extremely useful, especially if the company manages to scale to bigger margins. The data points 
it helps us find is Q and R. Q in this case is the quantity that should be purchased with the least 
number of losses. The R tells us when “Q” amount should be bought. The Q is the data point that 
we were most intrigued with since the idea of our project is to help minimize costs and manage 
the inventory and potential expansion to the most efficient level possible. Below is Table 8 
which gives the calculations solved for each item by use of the spreadsheet in Table 7. The Q 
given shows the most efficient amount of stock to purchase when reordering. 
 
Table 8: EOQ Values 
Item   Q (Economic Order Quantity) 
Coca Cola, Bottle   515 
Sprite, Bottle   502 
Diet Coke, Bottle   156 
Ginger Ale, Can   480 
Fanta, Can   427 
Dr. Pepper, Can   560 
Mtn.Dew, Can   487 
Sprite, Can   458 
Pepsi, Can   348 
Coca Cola, Can   413 
Aquafina   382 
Fiji Water   214 
Vitamin Water   245 
Body Armor   192 
Orange Juice   105 
Apple Juice   106 
Half and Half tea   106 
Sweet Tea   92 
Gatorade   478 
Bang Energy Drink   113 
Monster   169 
Red Bull   102 
Lays Classic   318 
Lays BBQ/ Fritos, Twists   314 
Fritos, Original   192 
Cheetos, Crunchy   220 
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Hot Cheetos   328 
Ruffles, Cheddar and Sour Cream   273 
Doritos, Cool Rance   253 
Doritos, Nacho Cheese   283 
Cheetos, Puffs / Funyuns   231 
Sun Chips   320 
Popcorn, White Cheddar   226 
Grandma Cookies   229 
Oatmeal Crème Pies   167 
Miss Vickie's Chips   348 
Crackers, Peanut butter   239 
Crackers, Crème cheese and chives   155 
Crackers, Nekot   259 
Crackers, Toasty   324 
Trail Mix, Karls   196 
Nature Valley Bar   294 
Nutter Butter   232 
Fig Newtons   185 
Rice Crispy Treat   198 
Extra Gum   97 
M&M, Peanut   149 
M&M   105 
Skittles   167 
Snickers   162 
Butter Finger   118 
Twix   91 
Reese's   144 
Sour Patch Kids   202 
Nutty Buddy   192 
Oreos   174 
Pop Tarts, Brown Sugar   170 
Pop Tarts, Strawberry   212 
Honey Buns   344 
Famous Amos   301 
Muffins, Little Bites   253 
Cup Noodle, Chicken   231 
Cup Noodle, Shrimp   193 
Cup Noodle, Beef   113 
Sandwiches   165 
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Breakfast Bowl   76 
Breakfast Croissant   66 
Tuna Crackers   105 




The data points required to find Q were found by use of the demand chart to find average 
demand per month. Set up costs which we collected by doing a time trial problem to estimate 
driving to the store costs plus the price of each item individually. Unit holding costs which is the 
percentage that is used to pay for the warehouse use and lastly unit shortage cost which we left 
neutral at $1. Vending machine optimization models are very complex to approach. This is due 
to various constraints such as restocking time, product thresholds at each vending machine, 
vending machine demand for products and even vehicle routes for corresponding machines. All 
in all, through research done we found that many companies prefer to use a genetic algorithm 
due to the data being collected mainly from “natural selection”.  
6.3 Reorder Point 
 
Introduction to Operations Research defines Reorder point as “the inventory level at which the 
order is placed”, and provides a mathematical equation to calculate reorder point as:  
Reorder Point = (demand rate) x (lead time) [15] 
Where demand for a product in inventory is defined as “the number of units that will need to be 
withdrawn from inventory for use during a specific period” and lead time is defined as “the 
amount of time between the placement of an order and its receipt”. Since the demand can vary 
and has found to be significantly unpredictable based on the availability of product from the 
wholesaler, it was determined better fit to use the calculation of reorder point from 
accountingformanagement.org since this formula takes into consideration the maximum demand 
and lead time. The formula is provided as: 
Reorder Point = maximum demand x maximum lead time [6] 
Maximum demand for each vending item was determined during the data collection section of 
this report. For the purpose of this project, maximum lead time will be set at the same time for all 
the items. This time of 0.5 months, or two weeks comes from the current supplier. They 
informed Kantine Vending LLC they receive inventory and order deliveries weekly, therefore 
any item that might be out of stock in one week should be replenished by the next week. This 
would make the maximum lead time of two weeks as Kantine is currently picking up their 
needed items directly from the supplier instead of placing an order for a shipment and increasing 
the lead time any further. For easier visibility of all data, the calculations are completed using the 
formula shown above, but are calculated using Microsoft excel and the data points for each item 
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are displayed in a table instead of writing out each formula and calculated individually. An 
example of the calculation is as shown: 
Coca Cola, Bottle Reorder Point = 329 x 0.5 = 165 
 
Table 8: Reorder Point  
Item  
Max Demand 
 (Monthly)  




Coca Cola, Bottle  329 0.5 165 
Sprite, Bottle  347 0.5 174 
Diet Coke, Bottle  31 0.5 16 
Ginger Ale, Can  199 0.5 100 
Fanta, Can  178 0.5 89 
Dr. Pepper, Can  301 0.5 151 
Mtn.Dew, Can  235 0.5 118 
Sprite, Can  182 0.5 91 
Pepsi, Can  109 0.5 55 
Coca Cola, Can  168 0.5 84 
Aquafina  153 0.5 77 
Fiji Water  112 0.5 56 
Vitamin Water  137 0.5 69 
Body Armor  90 0.5 45 
Orange Juice  87 0.5 44 
Apple Juice  91 0.5 46 
Half and Half tea  85 0.5 43 
Sweet Tea  64 0.5 32 
Gatorade  516 0.5 258 
Bang Energy Drink  41 0.5 21 
Monster  90 0.5 45 
Red Bull  35 0.5 18 
Lays Classic  87 0.5 44 
Lays BBQ/ Fritos, Twists  95 0.5 48 
Fritos, Original  34 0.5 17 
Cheetos, Crunchy  46 0.5 23 
Hot Cheetos  98 0.5 49 
Ruffles, Cheddar and Sour Cream  81 0.5 41 
Doritos, Cool Rance  87 0.5 44 
Doritos, Nacho Cheese  89 0.5 45 
Cheetos, Puffs / Funyuns  64 0.5 32 
Sun Chips  94 0.5 47 
Popcorn, White Cheddar  50 0.5 25 
Grandma Cookies  51 0.5 26 
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Oatmeal Crème Pies  128 0.5 64 
Miss Vickies Chips  130 0.5 65 
Crackers, Peanut butter  43 0.5 22 
Crackers, Crème cheese and chives  16 0.5 8 
Crackers, Nekot  44 0.5 22 
Crackers, Toasty  74 0.5 37 
Trail Mix, Karls  43 0.5 22 
Nature Valley Bar  56 0.5 28 
Nutter Butter  50 0.5 25 
Fig Newtons  31 0.5 16 
Rice Crispy Treat  36 0.5 18 
Extra Gum  22 0.5 11 
M&M, Peanut  38 0.5 19 
M&M  21 0.5 11 
Skittles  50 0.5 25 
Snickers  42 0.5 21 
Butter Finger  26 0.5 13 
Twix  14 0.5 7 
Reese's  35 0.5 18 
Sour Patch Kids  77 0.5 39 
Nutty Buddy  32 0.5 16 
Oreos  25 0.5 13 
Pop Tarts, Brown Sugar  32 0.5 16 
Pop Tarts, Strawberry  53 0.5 27 
Honey Buns  143 0.5 72 
Famous Amos  77 0.5 39 
Muffins, Little Bites  69 0.5 35 
Cup Noodle, Chicken  62 0.5 31 
Cup Noodle, Shrimp  43 0.5 22 
Cup Noodle, Beef  15 0.5 8 
Sandwiches  84 0.5 42 
Breakfast Bowl  21 0.5 11 
Breakfast Croissant  11 0.5 6 
Tuna Crackers  25 0.5 13 
White Castle Burgers  49 0.5 25 
 
A summary of all inventory calculation data calculations will be displayed later in the report to 
illustrate the range from min and max inventory levels as well as the order point of each item. 
The reorder points shown in Table 8 are significant to this project as it represents the inventory 
level at which a new order will be placed. For the purpose of this project these data points must 
be manually monitored to determine when a new order is to be placed. A weekly inventory check 
will occur and any item that has reached the reorder point will have another order placed, and 
item that has not yet reached that level will be reassessed the following week.  
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This leaves further room for improvement following the project with recommendations to 
Kantine Vending LLC to automate this process within the inventory database. It is possible to 
enter these inventory levels into the database and receive a notification once an item reaches or 
drops below the reorder point. Another recommendation presented to the company is to complete 
regular recalculations of the reorder point as demand may change as changes are made across the 
site to schedules, employees, etc. The data points are very useful but become much less so if they 
are not a reflection of the current demand.   
6. 4 Inventory Minimum 
 
Accountingformanagement.org defines Inventory minimum or minimum level of stock as “a 
predetermined minimum quantity of merchandise inventory which should always be in stock in 
the normal course of business”. It goes on to state that the minimum level of stock is a 
precautionary point that should urge management to escalate issues and corroborate with the 
supplier and take the necessary measures to ensure the goods are available in time so that the 
business operation is not disturbed or delayed. In other words, this is the inventory level that 
should raise concerns that an item could go out-of-stock and management should make the 
necessary actions, possibly purchasing from a secondary supplier, to ensure that product 
availability remains in inventory.  
The article provides the following formula for calculating the minimum level of stock for a 
product item: 
Minimum Inventory Level = Reorder Point - (avg demand x avg lead time) [6] 
Like Table 8, For easier visibility of all data, the calculations are completed using the formula 
shown above, but are calculated using Microsoft excel and the data points for each item are 
displayed in a table instead of writing out each formula and calculation individually. An example 
of the calculation is as shown: 
Coca Cola, Bottle Inventory Minimum = 165 – (294 x 0.25) = 91 
 











Coca Cola, Bottle  165 294 0.25 91 
Sprite, Bottle  174 280 0.25 104 
Diet Coke, Bottle  16 27 0.25 9 
Ginger Ale, Can  100 176 0.25 56 
Fanta, Can  89 139 0.25 54 
Dr. Pepper, Can  151 239 0.25 91 
Mtn. Dew, Can  118 181 0.25 72 
Sprite, Can  91 160 0.25 51 
Pepsi, Can  55 92 0.25 32 
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Coca Cola, Can  84 130 0.25 52 
Aquafina  77 137 0.25 42 
Fiji Water  56 87 0.25 34 
Vitamin Water  69 114 0.25 40 
Body Armor  45 70 0.25 28 
Orange Juice  44 75 0.25 25 
Apple Juice  46 76 0.25 27 
Half and Half tea  43 77 0.25 23 
Sweet Tea  32 58 0.25 18 
Gatorade  258 434 0.25 150 
Bang Energy Drink  21 33 0.25 12 
Monster  45 74 0.25 27 
Red Bull  18 31 0.25 10 
Lays Classic  44 77 0.25 24 
Lays BBQ/ Fritos, Twists  48 75 0.25 29 
Fritos, Original  17 28 0.25 10 
Cheetos, Crunchy  23 37 0.25 14 
Hot Cheetos  49 82 0.25 29 
Ruffles, Cheddar and Sour 
Cream  41 
70 0.25 
23 
Doritos, Cool Rance  44 60 0.25 29 
Doritos, Nacho Cheese  45 75 0.25 26 
Cheetos, Puffs / Funyuns  32 50 0.25 20 
Sun Chips  47 78 0.25 28 
Popcorn, White Cheddar  25 39 0.25 15 
Grandma Cookies  26 40 0.25 16 
Oatmeal Crème Pies  64 111 0.25 36 
Miss Vickies Chips  65 114 0.25 37 
Crackers, Peanut butter  22 33 0.25 13 
Crackers, Crème cheese and 
chives  8 
14 0.25 
5 
Crackers, Nekot  22 39 0.25 12 
Crackers, Toasty  37 61 0.25 22 
Trail Mix, Karls  22 36 0.25 13 
Nature Valley Bar  28 50 0.25 16 
Nutter Butter  25 41 0.25 15 
Fig Newtons  16 26 0.25 9 
Rice Crispy Treat  18 30 0.25 11 
Extra Gum  11 18 0.25 7 
M&M, Peanut  19 32 0.25 11 
M&M  11 16 0.25 7 
Skittles  25 40 0.25 15 
Snickers  21 38 0.25 12 
Butter Finger  13 20 0.25 8 
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Twix  7 12 0.25 4 
Reese's  18 30 0.25 10 
Sour Patch Kids  39 59 0.25 24 
Nutty Buddy  16 28 0.25 9 
Oreos  13 23 0.25 7 
Pop Tarts, Brown Sugar  16 27 0.25 9 
Pop Tarts, Strawberry  27 42 0.25 16 
Honey Buns  72 111 0.25 44 
Famous Amos  39 69 0.25 21 
Muffins, Little Bites  35 60 0.25 20 
Cup Noodle, Chicken  31 50 0.25 19 
Cup Noodle, Shrimp  22 35 0.25 13 
Cup Noodle, Beef  8 12 0.25 5 
Sandwiches  42 71 0.25 24 
Breakfast Bowl  11 17 0.25 6 
Breakfast Croissant  6 10 0.25 3 
Tuna Crackers  13 21 0.25 7 
White Castle Burgers  25 40 0.25 15 
 
Table 8 shows the wide range of products as well as the range of inventory minimums based on 
current demand. A summary of all inventory calculation data calculations in a graphical 
representation will be displayed later in the report to illustrate the range from min and max 
inventory levels as well as the order point of each item.  
 
6.5 Maximum Level of Stock 
 
Accountingformanagemetn.org defines maximum level of stock as the level above which a 
business does not or cannot hold stock in its premises. The maximum level of inventory could be 
described as the maximum capacity of a business to stock inventory in its warehouse, which may 
be due to reasons like demand limitation of goods, the storage capacity of business, rationed 
funds etc. The ‘maximum level of stock’ is usually achieved when those goods arrive which 
were ordered at the reorder point of the stock. This stock is then used and then re-ordered again 
at the re-order level which again fills up the stock to the ‘maximum level’. [6]  
The article provides the following formula to calculate Maximum stock level. For the purpose of 
this calculation, the reorder quantity was derived from the EOQ calculations performed and 
recorded in Table 8. The average lead time were listed as the same for all items as previously 
stated was provided by Sam’s Club.  




For easier visibility of all data, the calculations are completed using the formula shown above, 
but are calculated using Microsoft excel and the data points for each item are displayed in a table 
instead of writing out each formula and calculation individually. An example of the calculation is 
as shown: 
Coca Cola, Bottle Max Level of Stock = 165 + 515 – (165 * 0.1) = 664 
Table 10: Maximum Level of Stock  










    (Monthly)  (Monthly)  
Coca Cola, Bottle  165 515 165 0.1 664 
Sprite, Bottle  174 502 157 0.1 660 
Diet Coke, Bottle  16 156 22 0.1 170 
Ginger Ale, Can  100 480 104 0.1 570 
Fanta, Can  89 427 81 0.1 508 
Dr. Pepper, Can  151 560 174 0.1 694 
Mtn.Dew, Can  118 487 123 0.1 593 
Sprite, Can  91 458 109 0.1 538 
Pepsi, Can  55 348 47 0.1 398 
Coca Cola, Can  84 413 72 0.1 490 
Aquafina  77 382 111 0.1 448 
Fiji Water  56 214 69 0.1 263 
Vitamin Water  69 245 59 0.1 308 
Body Armor  45 192 49 0.1 232 
Orange Juice  44 105 62 0.1 143 
Apple Juice  46 106 43 0.1 148 
Half and Half tea  43 106 51 0.1 144 
Sweet Tea  32 92 37 0.1 120 
Gatorade  258 478 269 0.1 709 
Bang Energy Drink  21 113 23 0.1 132 
Monster  45 169 41 0.1 210 
Red Bull  18 102 25 0.1 118 
Lays Classic  44 318 45 0.1 358 
Lays BBQ/ Fritos, Twists  48 314 41 0.1 358 
Fritos, Original  17 192 18 0.1 207 
Cheetos, Crunchy  23 220 28 0.1 240 
Hot Cheetos  49 328 53 0.1 372 
Ruffles, Cheddar and Sour 
Cream  
41 273 48 0.1 309 
Doritos, Cool Rance  44 253 43 0.1 293 
Doritos, Nacho Cheese  45 283 49 0.1 323 
Cheetos, Puffs / Funyuns  32 231 37 0.1 259 
Sun Chips  47 320 59 0.1 361 
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Popcorn, White Cheddar  25 226 29 0.1 248 
Grandma Cookies  26 229 20 0.1 253 
Oatmeal Crème Pies  64 167 60 0.1 225 
Miss Vickies Chips  65 348 68 0.1 406 
Crackers, Peanut butter  22 239 19 0.1 259 
Crackers, Crème cheese 
and chives  
8 155 8 0.1 162 
Crackers, Nekot  22 259 23 0.1 279 
Crackers, Toasty  37 324 39 0.1 357 
Trail Mix, Karls  22 196 23 0.1 216 
Nature Valley Bar  28 294 41 0.1 318 
Nutter Butter  25 232 30 0.1 254 
Fig Newtons  16 185 21 0.1 199 
Rice Crispy Treat  18 198 15 0.1 215 
Extra Gum  11 97 12 0.1 107 
M&M, Peanut  19 149 24 0.1 166 
M&M  11 105 10 0.1 115 
Skittles  25 167 28 0.1 189 
Snickers  21 162 30 0.1 180 
Butter Finger  13 118 15 0.1 130 
Twix  7 91 6 0.1 97 
Reese's  18 144 15 0.1 161 
Sour Patch Kids  39 202 48 0.1 236 
Nutty Buddy  16 192 21 0.1 206 
Oreos  13 174 15 0.1 186 
Pop Tarts, Brown Sugar  16 170 19 0.1 184 
Pop Tarts, Strawberry  27 212 26 0.1 236 
Honey Buns  72 344 74 0.1 409 
Famous Amos  39 301 57 0.1 334 
Muffins, Little Bites  35 253 45 0.1 284 
Cup Noodle, Chicken  31 231 33 0.1 259 
Cup Noodle, Shrimp  22 193 23 0.1 213 
Cup Noodle, Beef  8 113 7 0.1 120 
Sandwiches  42 165 45 0.1 203 
Breakfast Bowl  11 76 13 0.1 86 
Breakfast Croissant  6 66 7 0.1 71 
Tuna Crackers  13 105 12 0.1 117 





Figure 26 Inventory Calculation Summary 
Figure 26 summarizes the Inventory Calculations from Sections 6.3 – 6.5 for each inventory 
item. The lowest point of each bar displays the minimum inventory level, the point at which each 
bar transitions in color represents the reorder point, and the highest point of each bar represents 
the maximum inventory level for each item. This summarized spread is critical as it is the range 

























Chapter 7: Results and Discussion 
7.1 Final Results 
The efforts of this project produced a fully functional inventory management software created in 
Microsoft Access, a reorganized and 5S driven warehouse, and calculated inventory levels 
including minimums, maximums, and reorder points. The overall results of these deliverables are 
detailed in depth throughout Chapters 4 – 6.  
Figure 26 summarizes the inventory level calculations: minimum level of inventory, reorder 
point, and maximum inventory level. The lowest point of each bar displays the minimum 
inventory level, the point at which each bar transitions in color represents the reorder point, and 
the highest point of each bar represents the maximum inventory level for each item. This 
summarized spread is critical as it is the range for which the inventory for each item should 
always fall between. 
The results of our efforts can be seen in the improvement to the time spent both reordering 
products and restocking inventory. 
In Chapter 5, Figure 17, the top line of the graph represents the order time prior to improvements 
and the bottom line is post improvements. The combination of the introduction of an inventory 
database, and inventory calculations combined with a decrease in purchase order frequency has 
resulted in a 35% monthly reduction in time required to place purchase orders from the supplier. 
Similarly, Figure 18 in Chapter 5 represents the change in time required to stock inventory. The 
reorganization of the warehouse through 5S and FIFO has resulted in a 20% decrease in time 
required to stock inventory.  
 
Figure 27 Pre and Post Implementation Time Trial Comparison 
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Figure 27 displays a direct comparison of the pre and post implementation time trial averages for 
the 5 timed trials for both amount of time to stock as well as time required to order new 
inventory.  
Through the use of inventory target points and EOQ we can hope to see a reduction in product 
waste and perhaps even a decrease in cost in the long term. We can also expect to see a reduction 


























Chapter 8: Conclusions & Future Improvements 
 
8.1 Conclusions 
At the beginning of the project, we set basic requirements we as a team wanted to achieve as a 
bare minimum for this project. We had set 15 requirements and we completed all of them and 
more. Some of the requirements we successfully completed are decreasing purchase order 
frequency, reducing the frequency of exhausted products, enabling inventory monitoring and 
control, and reducing time to stock inventory. These new methods have improved the company's 
vending machines and since we have implemented our new methods, the company has not 
received a single complaint from customers about out-of-stock inventory or expired inventory 
being sold.  
8.2 Requirements Restated 
i) Project Kantine shall incorporate FIFO movement of materials. 
ii) Project Kantine shall enable inventory monitoring and control. 
iii) Project Kantine shall allow for use of product barcodes. 
iv) Project Kantine shall create suitable storage locations with sufficient space 
for further expansion. 
v) Project Kantine shall allow for introduction of new inventory items. 
vi) Project Kantine shall support expiration date monitoring. 
vii) Project Kantine shall decrease stock time by increasing product flow 
efficiency. 
viii) Project Kantine shall reduce the frequency of exhausted products. 
ix) Project Kantine shall designate specific storage locations for each product. 
x) Project Kantine shall label each product location. 
xi) Project Kantine shall determine inventory minimum and maximum 
quantity for each product. 
xii) Project Kantine shall utilize sales reports to support inventory 
management. 
xiii) Project Kantine shall decrease purchase order frequency. 
xiv) Project Kantine shall develop cycle counting process. 
xv) Project Kantine shall define primary inventory purchase locations with 
contingencies for lack of sufficient product. 
8.3 Future Improvements 
The company has some future expansion plans in mind like storage expansion. Since we are 
adding new vending machines, we will need more room to keep inventory since the garage is 
limited storage space as well as have the capacity to carry the amount of inventory calculated for 
our maximums and EOQ. We also have plans to add a more robust professional inventory 
management system. Our current inventory management system is more of a simple database 
that allows us to monitor how much product we currently hold. A fuller featured system would 
help us utilize our calculated inventory values more efficiently and when combined with a 
wholesale retailer we can establish a true perpetual inventory system. With storage and inventory 
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expansion we will also develop a cycle counting process to help with efficiently keeping up with 
inventory depending on the products turnover rate. The final improvement is a direct wholesale 
supplier. By using Costco/Sam's now as our supplier we run into issues with out-of-stock 
inventory, discontinued items, price fluctuations, etc. With a direct wholesale supplier, it will 
allow for a more complete utilization of our inventory target points and EOQ. We are already in 
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Access Learning Zone Blank Database Template: 
https://599cd.com/blog/display-article.asp?ID=1413 
We used the available free blank template in order to craft our own inventory database system 
using Microsoft Access. 
UPCitemDB UPC code Database Access: 
https://www.upcitemdb.com/ 
We used the online UPC code database and integrated it into our own MS Access database.  
Seedlive Software: 
Seed Live - Cash and cashless sales transparency. : Cantaloupe 
We used the online database to extract and analyze sales data from the card readers on each of 










Appendix A: Contact Information (Student and Advisor Contacts) 
a) Student Contact Information 
i) Jordan Moon – moon.jordan94@yahoo.com 
ii) John Gardner – johngard2@gmail.com 
iii) David Rezkalla – drezkalla@gmail.com 
iv) Gabe Giraldo – gabegiro@gmail.com 
b) Advisor Contact Information 
i) Dr. Renee Butler – rbutle35@kennesaw.edu 
 
 
Appendix B: Reflections (The Educational Experience, Challenges Faced, Resolutions) 
 
a) Challenges Faced 
 
i) Expiration Date Recording 
As described in the data collection section of this report, the expiration date length was 
calculated as the number of days between the date an item was purchased and the date of 
which the item expired. The difficulty discovered during the data collection portion of 
this project showed that this data was at the discretion of the inventory and demand of 
each item at the Sam’s club location at which it was purchased. For example, Sams club 
receives a shipment of Lay’s potato chips that are all the same lot from the manufacturer 
with the same lot number. Meaning until this lot is completely exhausted from that Sams 
club inventory, all of the Lay’s potato chips purchased during that period will have the 
same expiration date. During data collection, there were several scenarios present where 
over multiple weeks of purchasing and collecting data, the same lots were purchased and 
therefore the same expiration date was present for the items. Since the data collected was 
over three weeks, this means that as long as that item was in stock over a three-week 
period the expiration date length simply decreased by seven days each week, meaning the 
average week was the length calculated for week two. This could potentially result in 
misleading data since depending on how long that same lot remains available at the 
location and the point during that period that the data was collected. However, for the 
purpose of this project due to time constraints, it was decided to use the expiration length 
data as available.  
The derived potential solution to this was to collect data from several Sams club locations 
as well as wait for multiple lots to exhaust to determine the average length of time one lot 
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is made available at a location. This process could be time consuming as it Is unknown 
how long a lot would remain at one location and could cause significant delays to wait on 
multiple lots to exhaust. It is also unnecessary to collect data from multiple locations as 
this is not normal practice to purchase from several Sams club locations. It is typical to 
utilize primarily one location with a second as a backup only in times of need.  
 
ii) Product Demand Data Collection 
 
Another challenged faced during data collection was the product demand data. Since this 
vending machine location is still relatively new and was even more so during the time of 
data collection and there were rapid changes occurring on a regular basis. For example, 
the demand data is collected and determined based on sales. However, it does not take 
into account that some of the items could have been out of stock and therefore could not 
be sold which could potentially lead to a lower demand reading that it should be. 
Another issue that was identified is that several items were relocated to new positions 
within the machines. For example, at one point it was discovered that the gum was 
repeatedly getting lodged in the machine and not dispensing which resulted in several 
refunds being dispensed. This issue was mitigated by switching the gum location with 
another product that allowed for both items to be dispensed properly.  The issue 
following this is the demand data is not skewed since the date of this modification was 
not recorded it us unknown when the sales data is no longer for the gum and now for the 
new item. This creates the potential for a cross of demand data where the demand for one 
item was actually counted as the demand for another item.  
Not only is the vending location fairly new, but the warehouse they are located in is also 
a new facility. The majority of the period of data collection the warehouse was still in a 
startup phase. They were not fully staffed and only working weekends when necessary. 
Since then, they are now fully staffed and are operating on a 24/7 schedule. The change 
in personnel not only increases the demand for items but with change in people (new 
people in and old people out) it changes the demand as new employees may like different 
items than previous employees which could increase the demand of one item and increase 
the demand of another item. Also, the increase in the quantity of people should in return 
increase the overall demand for items as you now have a larger population of customers 
purchasing from the machines. In addition, the increase in working time including 
weekend work and overnight should also increase demand as you now have more 
operating hours and greater timeframe for customers to be able to purchase items from 
the machines.  
Since companies are always under constant change, and due to the time constraints of this 
project, it was determined to use the demand data as available to complete this project in 
a timely manner. It would take a substantial amount of time to allow for sales to take 
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place for a long enough length to accurately calculate a demand average, max, and min 
and in return could delay the completion of the project.  
  
iii) Limited Access programing 
A major element of our solution was the development and implementation of the 
Microsoft access inventory management database. We chose Access because of its 
flexibility and it was free to use. However, while Access allows for immense amounts of 
customization in order to utilize those features one must be adept at VBA programming. 
Features we wanted to include like online database integration and product expiration 
alerts would require skills beyond our own to use. In order to alleviate this we reached 
out to to Dr. Coskun Cetinkaya of the department of Computer Science. We 
unfortunately didn’t receive a response but after some time we did manage to contact 
Professor Jing He. However, at this point we began to run into time limitations and were 
not able to coordinate a meeting date in time to proceed further along this path. We 
instead decided to accept the current state of our inventory management software even if 
it is a bit basic in features. This can be used more as proof of concept and could be 
substituted by a more robust and fuller featured paid program if the need arises.  
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